Abstract The prospective effects of Lactobacillus sporogenes (probiotics) and/or praziquantel (PZQ) treatment on some parasitological, histological and molecular aspects in Schistosoma mansoni infected mice were studied. The present data recorded that combination between PZQ (300 mg/Kg one dose 7 weeks post infection) and L. sporogenes (12.5 million spore/mice/week for 8 weeks from the first day of infection) reduced worm and ova count. Also, oogram patterns in liver and intestine recorded that treatment with L. sporogenes alone increase number of dead eggs especially in intestine. Histological observations showed significant (P \ 0.05) reduction in the mean values of granuloma diameters in liver and intestine in infected mice groups treated with PZQ and/or L. sporogenes. Single strand breaks (comet assay) showed increase in number of damaged and strong damaged lymphocyte cells in mice infected with S. mansoni and infected treated with PZQ while L. sporogenes administration reduced DNA damage. Flow cytometry also confirmed role of L. sporogenes in reducing significantly DNA damage according to determination of cell cycle analysis apoptosis. It can be concluded that administration of L. sporogenes accompanied with PZQ treatment ameliorates the hepatic and intestinal damage caused by S. mansoni infection.
Introduction
Schistosomiasis is a disease of poverty that leads to chronic ill-health and affects almost 240 million people worldwide, and more than 700 million people live in endemic areas. The infection is prevalent in tropical and sub-tropical areas, in poor communities without potable water and adequate sanitation (WHO 2013) .
Praziquantel (PZQ) Chemotherapy based on repeated doses is still the most effective control strategy against schistosomiasis (dell Villar et al. 2012) . It is widely used for the treatment of schistosomiasis. It induces worm muscle contractions and tegumental disruption, followed by exposure of parasite surface membrane antigens to the host immunological defence mechanisms (Tallima and ElRidi 2007) . Praziquantel is currently the drug of choice for the treatment of schistosomiasis and since it is practically the only available remedy for the disease, is frequently, concern expressed that the emergence of PZQ-resistant schistosomes may eventually put it out of use (Fenwick and Webster 2006; Botros and Bennett 2007; Caffrey 2007) .
Probiotics are usually live microorganisms when administered in adequate amounts confer a health benefits on host. Recently, probiotics as means for the control of parasite infections were reported covering mainly intestinal diseases but also some nongut infections that are all of human and veterinary importance (Travers et al. 2011) . Probiotics can play an important role in reducing the pathogenicity of many parasites (Federica et al. 2012) . A good probiotic strain should be (1) nonpathogenic, (2) resistant to very low pH, (3) confer a beneficial property like immune stimulation and protection against pathogens, (4) able to adhere to the gut epithelium. Modulation of the intestinal environment, by probiotics having the capacity to control the proliferation of surrounding microorganisms.
Several studies have investigated whether probiotecs could control the proliferation of eukaryotic pathogens, either in the gut as the probiotic, or in a different compartment. They added that gut commensal microflora can play a critical role in the completion of the life cycle of the intestinal parasitic nematode Trichuris muris and in the modulation of the host immune response. It can also provide indirect protective immunostimulation against the nongut parasite, Toxoplasma gondii (Benson et al. 2009) .
Bacillus coagulans or L. sporogenes is a species of lactic acid forming Bacillus bacteria, which can contaminate canned food and gives it a flat sour taste. This includes foods that are normally too acidic for most bacteria (De Vecchi and Drago 2006) .
The objective of this study is to investigate the prospective effect of L. sporogenes accompanied with PZQ treatment on some parasitological, histological and molecular parameters in mice experimentally infected with S. mansoni.
Materials and methods

Animals and infection
Fifty male albino CD-1 mice (weighing 20 ± 2 g) were obtained from Schistosome Biological Supply Program (SBSP) unit at the Theodor Bilharz Research Institute (TBRI) Giza, Egypt. The animals were housed under standard caging conditions, i.e., temperature of 21 ± 1°C and permitted ad libitum consumption of water and pellet chow. All experiments were done in compliance with the guide lines for the care and use of laboratory animals. For mice infection, the animals were injected subcutaneously by 65 ± 5 S. mansoni cercariae (Peters and Warren. 1969) . The cercariae were shedd from Biomphalaria alexandrina snails infected with miracidiae of Egyptian strain of S. mansoni which purchased from SBSP Unit at TBRI.
Experimental materials
Lactobacillus sporogenes
It is sporolac powder manufactured in India by UNI-SANKYO LTD Plate No. B-4, MIDC, Lote parashuram MAHARASHTRA-415722. One gram sporolac powder, not less than 150 million spores of L. sporogenes was dissolved in 3.0 ml distilled water. Each mouse administrated orally with 12.5 million spores of L. sporogenes per week for 8 weeks to obtain the total dose 100 million spores/mice (Son et al. 2009 ).
Praziquantel
Praziquantel was produced by SEDICO pharmaceutical Co. 6 October City-Egypt. Each tablet contains 600 mg was ground into white powder and suspended in 4.8 ml distilled water. The drug was freshly prepared and orally administered to mice using a stainless steel oral cannula. One dose (300 mg/Kg of body weight) was given 7 weeks post infection (Chaiworaporn et al. 2005 ).
Experimental groups
Mice were divided into five groups; each group consisted of ten mice as follow: group (I) none infected control mice. Group (II) infected control mice. Group (III) infected mice treated with PZQ. Group (IV) infected mice treated with L. sporogenes. Group (V) infected mice treated with PZQ and L. sporogenes.
Parasitological aspects
Worm count
One week after treatment with PZQ, all animals were sacrificed and adult worms were recorded by portal perfusion according to Duvall and De witt (1969) . The number of worms was counted for each mouse.
Ova count
Number of S. mansoni ova/g tissue (liver or intestine) was demonstrated after digestion overnight in KOH according to Cheever (1969) and kamel et al. (1977) . The number was calculated in three samples.
Oogram pattern
After perfusion, three fragments from liver and intestine tissues (each about 1 cm in length) were cut off. Each fragment was placed between glass slides and cover slides and examined microscopically. One hundred of S. mansoni egg were counted in each fragment and classified according to their developmental stages (immature, mature and dead eggs) according to Pellegrino et al. (1962) .
Histological procedure
Liver and intestine specimens were fixed in 10 % buffered formalin and embedded in paraffin blocks. The prepared 5 lm thick sections were stained with Ehrlich's haematoxylin and counter stained with eosin (Harris 1990 ).
Measurement of mean granuloma diameter was performed at a microscopic magnification of 1009 using an ocular micrometer. Only non-confluent, lobular granulomas containing eggs in their centers were measured and photographed by Olympus BX 41, Japan microscope. The mean granuloma diameter (M.G.D.) was calculated by measuring two diameters of the lesion at right angles to each other (Boros et al. 1977 ).
Molecular aspects
Comet assay
Single cell gel electrophoresis (Comet assay) was performed to examine DNA damage after 24 h post treatment by the detection of single stranded DNA breaks and alkalilabile site according to (Singh et al. 1988) . Whole blood was collected from each mouse, incubated with 8 ml erythrocyte lysing solution (0.015 M NH4Cl, 1 mM NaHCO3, 0.1 mM EDTA) and centrifuged for 5 min at 1,000 rpm. Carefully, the blood platelets were removed; the pellets were washed two times with culture medium (RPMI 1640 medium solution with L-glutamine, supplemented with 10 % fetal calf serum and 0.1 % penicillin (5,000 IU/ml), streptomycin (5,000 mg/ml) solution). The cells were resuspended in 300 microlitre of 0.7 % of low melting agarose (BRL) and were dissolved and boiled in phosphate buffered saline (PBS) free of Ca2
? and Mg2 ? . It was added to clean microscope slides, immediately covered with cover slides and kept for 2 min at -12°C, to solidify (this modification was done by Hassab El-Nabi and Sallam 2002). After solidification, the cover slides were gently removed by sliding it away. The slides were immersed in a jar containing cold lysing solution (2.5 M NaCl, 100 mM EDTA, l0 mM Tris, 1 % N-lauroyl-sarcosine, pH 10; 1 % Triton X-100 and 10 % dimethyl sulfoxide (DMSO)). The slides were kept at 4°C for at least 20 min. After lysing, the slides were placed on a horizontal electrophoresis box. The unit was filled with a fresh alkaline electrophoresis buffer (300 mM NaOH and 1 mM EDTA, pH 13) to a level of 0.25 cm above the slides. The cells were exposed to alkali for 10 min to allow DNA unwinding and expression of alkali-labile sites. To analyze DNA, an electric current of 25 V (0.86 V/cm) and 300 mA was applied for 10 min. Alkali and electrophoresis treatments were performed in an ice bath. All of these steps were conducted under dim light to prevent the occurrence of additional DNA damage. After electrophoresis, the slides were placed horizontally and Tris buffer (0.4 mM Tris, pH 7.5) was added to neutralize the excess alkali. The slides were allowed to sit for 5 min. Finally, 100 microlitre ethidium bromides (20 lg/ml) was added to each slide, covered with a cover slides and stored at 4°C for 4 days in moist chamber. Frome each slide 500 cells were examined visually and damaged DNA spots were scored according to Hassab El-Nabi (1996) . All chemicals were purchased from Sigma. Examinations were done with a fluorescent microscope (Olympus BX 41, Japan) equipped with an excitation filter 510 nm and barrier filter of 590 nm (1,0009 magnification).
Flow cytometry
Fresh tissue specimens (liver) were transported to the laboratory and prepared according to Tribukait et al. (1975) as follow: Liver homogenate was suspended in PBS and centrifuged at 2,000 rpm for 10 min, where upon the supernatent was aspirated. Flow-cytometry analysis was performed on single cell suspensions washed three times with PBS (pH 7.2). After washing with PBS, the cell viability was determined by flow cytometry and apoptosis was measured by using the sub G1 peak staining with propidium Iodide (Cohen and Al-Rubeai 1995) . The flow cytometer used is FACS calibur flow cytometer (BectonDickinson, Sunnyvale, CA, USA) equipped with a compact air cooked low power 15 m watt argon ion laser beam (488 nm). The average number of evaluated nuclei per specimen 20.000 and the number of nuclei scanned was 120 per second. DNA histogram derived from flow cytometry was obtained with a computer program for Dean and Jett mathematical analysis (Dean and Jett 1974 
Statistical analysis
Data are presented as mean ± standard error (M ± SE).Comparisons was made between the infected, untreated and treated groups. All numerical data were statistically analyzed using Statistical Program of Social Sciences (SPSS) software for windows, version 10.0. and calculate means, standard error and t test as in the tables in results.
Results
Worm count
The effect of L. sporogenes on total worm count in S. mansoni-infected mice was shown in Table 1 . There was significant decrease (P \ 0.05) in the mean numbers of total worm in mice treated with PZQ for 1 week, treated with L. sporogenes for 8 weeks from the first day of infection or with PZQ accompanied with L. sporogenes (1.4 ± 0.24, 6.0 ± 0.63 and 0.4 ± 0.24, respectively) when compared with S. mansoni-infected mice.
Ova count
The mean numbers of ova count/gram tissues (liver and intestine) in S. mansoni-infected mice were recorded (4,794.6 ± 444.2 and 1,312.7 ± 65.8, respectively). Treatment with PZQ or L. sporogenes showed significant reduction (P \ 0.05) in the mean numbers of ova count in both liver and intestine when compared with infected control group. Also, administration of L. sporogenes accompanied with PZQ showed significant decrease liver and intestine ova count (629.7 ± 89.1 and 375.8 ± 44.9, respectively).
Oograme pattern
Effect of L. sporogenes and/or PZQ on oograme pattern presented in Table 1 . Administration of L. sporogenes alone recorded a significant increase in mean numbers of dead eggs especially in intestine (48.11 ± 2.51). S. mansoni-infected mice treated with PZQ accompanied with L. sporogenes showed a significant decrease (P \ 0.05) in the mean numbers of immature eggs and a significant increase of dead eggs in both liver and intestine (55.77 ± 2.04 and 64.66 ± 3.52, respectively) when compared with infected control group (3.11 ± 0.85 and 4.44 ± 1.17, respectively).
Histological observations
Granuloma formation occurred in all S. mansoni-infected mice. The typical formed liver granuloma was observed in S. mansoni infected groups 8 weeks post infection. Each granuloma has one or/more schistosomal ova surrounded by a dense of inflammatory cells and a fibrotic tissues. There was significant reduction in the mean values of granuloma diameter in liver and intestine of mice infected with S. mansoni treated with PZQ and/or L. sporogenes. Also, mice infected treated with L. sporogenes showed improvement in liver cells as compared with infected control mice.
Infected mice administrated L. sporogenes in weekly oral dose for 8 weeks from the first day of infection showed fibrocellular granuloma but with small size. Also, normal central vein surrounded with hepatic strands which was separated by blood sinusoids. S. mansoni-infected mice treated with PZQ 7 weeks post infection for 1 week and administrated L. sporogenes for 8 weeks from the first day of infection showed fibrocellular granuloma with reduced diameter. There was improvement in hepatic strands, central vein, Kupffer cells and blood sinusoid. On The number of mice/group = 10. The mice infected with 65 ± 5 S. mansoni cercariae/mouse, the treatment with Lactobacillus sporogenes started from the first day of infection in weekly oral dose for 8 weeks, while PZQ treatment started 7 weeks post infection in one only oral dose (300 mg/kg). All animals were sacrificed 8 weeks post infection. Data are expressed as Mean ± SE * Significant difference compared to infected control group at (P \ 0.05) the other hand, intestinal structure of non infected control mouse consisted of villi appeared as finger like projections covered with simple columner epithelium and crypts appeared as downward invaginations lined with simple columner cells and paneth cells. Infected mice with S. mansoni showed markedly differences in the structure of intestine while multi granuloma were observed with viable eggs surrounded by chronic inflammatory cells and fibrous tissue. Treatment with PZQ and/or L. sporogenes showed mild granulomatus reaction with mild chronic inflammatory cells and little fibrous reaction around the degenerated schistosomal eggs as shown in Figs. 3 and 4. Comet assay Table 2 described comet assay of DNA damage leukocytic cells from different treatments. Schistosoma mansoni infected mice and treatment with PZQ showed increase in strong damage of leukocytes DNA as compared with normal control group. Treatment with L. sporogenes decreased the damage of DNA induced by infection and in combination with PZQ ameliorates its activity and decreased number of strongly damaged cells. Figure 1 showing photomicrograph of single strand breaks of DNA in mice infected with S. mansoni appeared as normal, damaged and strong damaged DNA spots.
Flow cytometry
The mean value of apoptosis in mice infected with S. mansoni; infected treated with PZQ and infected treated with PZQ and L. sporogenes showing significant increase when compared with normal control. Also, administration of L. sporogenes only showed reduction in apoptosis caused by infection to be near like non infected mice but when accompanied with PZQ showed significant decrease in apoptosis value when compared with group treated only with PZQ as shown in Fig. 2 .
Discussion
Results in the present work illustrated that treatment with L. sporogenes recorded a reduction in S. mansoni total worm count in comparison with infected untreated mice group. This result is in agreement with Abdel-Salam et al. (2008) who reported that probiotic labneh containing garlic and onion oil have a protective effect against worm burden of S. mansoni infected mice compared with control infected. Also, Bautista-Garfias et al. (2001) reported that significant reduction in the number of adult Trichinella spiralis worms in the intestine and of larvae per gram of muscle tissue was observed in the mice treated with L. casei before infection 
Normal control 484 ± 1.14 13 ± 1.14 3 ± 0. with respect to the control group. They added that the immune response stimulated by L. casei may be promoted more rapid development of a specific immune response than that occurs in unperturbed naïve mice. In addition, treatment with PZQ (300 mg/kg) recorded reduction in worm count of S. mansoni compared with infected control. This report is in match with Chaiworaporn et al. (2005) who said that a few worms were found in mice infected with S. mansoni and treated with the subcurative dosage of PZQ at 1 week and 1 month after treatment (Figs. 3 and 4) . Also, Morsy (2009) illustrated that S. mansoni infected mice and treated with PZQ gave reduction of total worm burden, produced marked hepatic shift and improvement of hepatic pathology, reduction in granuloma size and decrease in its number. This may be due to the mode of action of PZQ against S. mansoni which involves increasing the calcium uptake of the parasite, resulting in tegumental damage and death of the parasite as reported by Gnanasekar et al. (2009) . They suggested that PZQ affected S. mansoni myosin light chain (SmMLC) function, and this may be have a role in PZQ action. Also, Tallima and EL-Ridi (2007) suggested that PZQ may bind to Schistosomal actin leading to disruption of the tegument. In the present study, significant decrease in the mean number of ova per gram tissue in liver and intestine in infected groups of mice treated with PZQ and/or L. sporogenes was recorded. This result is in agreement with Giboda and Smith (1994) who confirmed the susceptibility of Fig. 2 Computerized cell cycle analysis apoptosis of S. mansoni infected mice liver treated with PZQ and/or Lactobacillus sporogenes. a Non infected control, b infected control, c infected treated with PZQ, d infected treated with Lactobacillus sporogenes and e infected treated with PZQ and Lactobacillus sporogens mature eggs of S. mansoni exposed to a single dose of PZQ, and they added that administration of a second dose of PZQ, 9 days after the first one was suggested as an alternative treatment strategy assuring killing of all the schistosome eggs. Also, Chaiworaporn et al. (2005) reported that the mean numbers of eggs per gram of liver and intestine in the groups treated with PZQ at curative and subcurative dosage were significantly and similarly reduced according to time after treatment. In addition, Pearce (2005) found that PZQ treatment was important to eliminate adult worms and stop eggs deposition that led to sustained diminution of eggs induced immunopathology where Schistosome eggs elevated to be highly immunogenic.
The present data reported that S. mansoni infected mice treated with L. sporogenes alone recorded significant increase in dead egg in both liver and intestine when compared with infected controls. This result is in agreement with Bautista-Garfias et al. (2001) who revealed that the stimulation of immune response by Lactobacillus spp. that caused decease in worm counts at the stage of oviposition. Also, significant decrease in immature egg and an increase in dead egg in both liver and intestine was recorded. This result is in match with report of Morsy (2009) who illustrated that complete disappearance of immature ova with increase number of dead ones after PZQ treatment.
Data obtained in the present study showed significant reduction in the mean value of granuloma diameter in liver and intestine of mice infected with S. mansoni treated with PZQ and/or L. sporogenes. In addition, there was an improvement in histology of liver and intestine in mice treated with L. sporogenes compared with infected controls. This result is in agreement with Ya et al. (2008) found that oral administration of L. casei Zhang was able to modulate immune responses and affected the composition of the intestinal microbiota. They suggested that it may be due to the significant antioxidative activity which was the basis for increases resistance of some lactobacilli strains to toxic oxidative compounds and helped some isolates of Lactobacillus spp. to serve as defective components in intestinal microbial ecosystem. Moreover, Villena et al. (2011) reported that the addition of L. casei to the repletion diet normalized the immune response against Candida albicans, allowing an efficient recruitment and activation of phagocytes as well as an effective release of proinflammatory cytokines. They added that, probiotic treatment induced an increase in IL-10 levels, which would help to prevent the damage caused by the inflammatory response. Also, De Moreno and Perdigón (2010) showed that lactic acid bacteria present in many foods such as yoghurt and frequently used as probiotics to improve some biological functions of the host. Results of their studies demonstrated that the consumption of fermented milk can modulate the immune system and can maintain it in a state of surveillance, which could affront different pathologies such as cancer and intestinal inflammation. Pelicano et al. (2005) evaluated the use of probiotics and prebiotics on the histological and morphological indecies of the intestinal mucosa of broilers at 21 days of age and showed beneficial effects. Khambualai et al. (2010) suggested that the intestinal villi and epithelial cells of Broiler Chickens might be hypertrophied by sugar cane extract (SCE) and commercial probiotic (SPB). The fact that a synergistic effect was observed with regard to growth performance and intestinal histology in the SCE ? SPB group suggested that SCE was a good supplement to probiotics.
Data in the present work recorded significant decrease in all parasitological and histological parameters in mice infected with S. mansoni and treated with PZQ accompanied with L. sporogenes. This decrement can be considered as hall mark effect for the effectiveness of L. sporogenes to play as antischistosomal role when accompanied with PZQ.
The present study showed that infection with S. mansoni increased the percent of apoptosis and DNA fragmentationin using comet assay by single strand break and cell cycle analysis apoptosis by flow cytometry when compared with non infected control group. This result is in agreement with Ghoneim et al. (2008) who illustrated that cell death data were correlated to the degree of lymphoproliferative responses to phytohemagglutinin (PHA) as well as to the serum anti-schistosomal antibody titers. This recorded a markedly significant increase in PHA-induced apoptosis in lymphocytes isolated from S. mansoni-infected patients when compared to the corresponding healthy controls. Also, their study supported the hypothesis that activationinduced cell death (AICD) was a potentially contributing factor in T helper (Th) cell regulation during chronic stages of schistosomiasis, which represents a critically determinant factor in the host-parasite interaction. It might influence the destiny of parasitic infections either towards establishment of chronic infection or towards host death. Also, Chen et al. (2002) reported that the mechanism of schistosomes to induce apoptosis was not fully understood and there are several ways that can mediate apoptosis in schistosomiasis. They found that caspase-3 which is a key executioner of apoptosis was found in schistosomal eggs in infected mice.
The present study reported that S. mansoni-infected mice treated with L. sporogenes only or accompanied with PZQ indicated a significant decrease in DNA fragmentation in liver and spleen. This means that L. sporogenes may be considered as antiapoptotic agent and this is confirmed by Lin et al. (2008) who indicated that probiotics such as L. rhamnosus GG (LGG) may be augment intestinal host defenses in the developing intestine by stimulating antiapoptotic and cytoprotective responses. Since apoptosis may be a precursor to necrotizing enterocolitis (NEC), understanding the mechanism behind probiotic modulation of apoptotic pathways may allow for development of more specifically targeted therapies or preventive strategies in the future.
However, molecular mechanisms mediating the beneficial effects are as yet poorly understood. Studies of Travers et al. (2011) indicated that probiotics might indeed provide a strain-specific protection against parasites, probably through multiple mechanisms. But more unraveling studies are needed to justify probiotics utilization in therapeutics.
Conclusion
It can be concluded from this study that administration of L. sporogenes accompanied with PZQ treatment ameliorates the hepatic disease and intestinal damage caused by schistosomiasis.
